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PATENT 

Attorney Docket No.: 16869P-019700US 
Client Reference No.: 339900354US1 

LIQUID CRYSTAL DISPLAY DEVICE 

CROSS-REFERENCES TO RELATED APPLICATIONS 
The present application is related to and claims priority from Japanese Patent 

5 Application No. 2000-003348, filed January 12, 2000. 

BACKGROUND OF THE INVENTION 
The present invention relates to a liquid crystal display device and, more 
particularly, to a liquid crystal display device which is called In-Plane Switching Mode. 
10 Liquid crystal display device which is called In-Plane Switching Mode has a 

construction in which a pixel electrode and a counter electrode which causes an electric field 
(an in-plane electric field) having a component parallel to transparent substrates to be 
generated between the counter electrode and the pixel electrode are formed in each liquid 
crystal-side pixel area of one of the transparent substrates disposed in opposition to each 
1 5 other with a liquid crystal interposed therebetween. 

This type of liquid crystal display device is constructed so that the amount of 
light to be transmitted through the area between the pixel electrode and the counter electrode 
is controlled by the driving of the liquid crystal to which the electric field is applied. 

Such a liquid crystal display device is known as a type which is superior in so- 
20 called viewing angle characteristics and enables a displayed image to be unchanged even 
when its display surface is observed from an oblique direction. 

The pixel electrode and the counter electrode have so far been formed of a 
metal layer which does not transmit light therethrough. 

In recent years, a liquid crystal display device constructed in the following 
25 manner has been known: a counter electrode made of a transparent electrode is formed over 
the entire area of a pixel area except the periphery thereof, and strip-shaped pixel electrodes 
are formed on the counter electrode with an insulating film interposed therebetween, in such 
a manner as to be extended in one direction and to be juxtaposed in a direction traverse to the 
one direction. 

30 The liquid crystal display device having this construction causes an in-plane 

electric field to be generated between each of the pixel electrodes and the counter electrode, 
and is still superior in viewing angle characteristics and is greatly improved in aperture ratio. 



Incidentally, this art is described, for example, in SID (Society for Information 
Display) 99 DIGEST: pp. 202-205 and Japanese Patent Laid-Open No. 202356/1999, which 
is incorporated herein by reference. 

However, in the liquid crystal display device having this construction, the 
5 occurrence of so-called horizontal smear is visually observed on its display portion, and the 
occurrence of image retention is also visually observed. 

It has been found out that the cause of the occurrence of horizontal smear is 
that the capacitance between the counter electrode formed over the entire area of the pixel 
area except the periphery thereof and the plural strip-shaped pixel electrodes formed in 
10 juxtaposition on the counter electrode with the insulating film interposed therebetween 
becomes larger than in previous type and the charge of the pixel electrodes with signal 
voltages becomes insufficient, and also the voltage of the counter electrode is distorted and 
the time required for the distorted voltage to be restored to its original state becomes long. 

It has also been found out that the cause of the occurrence of image retention 
1 5 is that an electric field other than an electric field which has a component parallel to the 

substrate between the pixel electrode and the counter electrode and contributes to the control 
of the optical transmissivity of the liquid crystal, i.e., an electric field having a component 
perpendicular to the substrate between the counter electrode and the pixel electrode, is 
excessively strong. 

20 

SUMMARY OF THE INVENTION 
The present invention has been made on the basis of the above-described 
situations, and provides a liquid crystal display device which can restrain the occurrence of 
horizontal smear. 

25 The present invention also provides a liquid crystal display device which can 

restrain the occurrence of image retention. 

A representative aspect of the invention disclosed in the present application 
will be described below in brief. 

In one embodiment, a liquid crystal display device includes a first substrate. 

30 A second substrate is facing the first substrate. A liquid crystal layer is interposed between 
the first and second substrates. At least one pixel area is defined by a plurality of gate lines 
and a plurality of drain lines arranged in a matrix over the first substrate, wherein the 
plurality of gate lines are extending in a first direction, and the plurality of drain lines are 
extending in a second direction. A first electrode is assigned to the pixel area, wherein the 
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first electrode is provided over the first substrate. A second electrode is assigned to the pixel 
area and is facing the first electrode, wherein the second electrode is provided over the first 
substrate and is transparent. The second electrode has a solid portion and a hollow portion. 
The hollow portion is superposed to at least a portion of the first electrode. An insulating 
5 layer is provided between the first and second electrodes. 

In another embodiment, a liquid crystal display device according to the present 
invention includes a pair of substrates, a liquid crystal layer interposed between the pair of 
substrates, a plurality of pixel parts being constructed with a plurality of gate lines and a 
plurality of drain lines arranged in a matrix on one of the pair of substrates, at least one pair 

10 of the first electrodes and the second electrodes provided for each pixel part between one of 
the pair of substrates and the liquid crystal layer, wherein the first electrode and the second 
electrode being disposed with an insulating film interposed therebetween, and the second 
electrode is transparent electrode formed in a rectangular shape and having a slit formed in a 
portion which is superposed on the first electrodes. 

15 In the liquid crystal display device constructed in this manner, the selected 

ones of the plural electrodes of the other electrode (for example, pixel electrodes) are formed 
not to be superposed on the one of the pair of electrodes (for example, a counter electrode). 

Accordingly, it is possible to decrease the capacitance occurring between the 
pixel electrode and the counter electrode, whereby it is possible to restrain the occurrence of 

20 horizontal smear. 

In addition, it is possible to weaken an electric field other than an electric field 
which contributes to the control of the optical transmissivity of the liquid crystal, i.e., an 
electric field having a component perpendicular to the substrate between the counter 
electrode and the pixel electrode, from among electric fields occurring between the pixel 

25 electrode and the counter electrode, whereby it is possible to restrain the occurrence of image 
retention. 

Moreover, since the holes formed in the other-side electrode are disposed with 
respect to one-side electrodes that are not adjacent to one another, the holes are formed with a 
comparatively large space, whereby the holes have the advantage of being easily worked. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be more apparent from the following detailed 
description, when taken in conjunction with the accompanying drawings, in which: 
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Fig. 1 is a plan view showing one embodiment of a pixel of a liquid crystal 
display device according to the present invention; 

Fig. 2 is a cross-sectional view taken along line 2-2 of Fig. 1; 

Fig. 3 is a cross-sectional view taken along line 3-3 of Fig. 1; 
5 Fig. 4 is a cross-sectional view take along line 4-4 of Fig. 1; 

Fig. 5 is an explanatory view showing the positional relationship between 
pixel electrodes and holes formed in a counter electrode of the liquid crystal display device 
according to the present invention; 

Fig. 6 is a plan view showing one embodiment of the whole of the liquid 
10 crystal display panel of the liquid crystal display device according to the present invention; 

Fig. 7 is a view showing the equivalent circuit of the liquid crystal panel 
according to the present invention; 

Fig. 8 is a cross-sectional view showing another embodiment of the liquid 
crystal display device according to the present invention; and 
15 Fig. 9 is a plan view showing another embodiment of the liquid crystal display 

device according to the present invention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Preferred embodiments of the liquid crystal display device according to the 
20 present invention will be described below. 

[Embodiment 1] 
«Construction of Pixel» 

Fig. 1 is a plan view showing the construction of a pixel area of a liquid 
crystal display device (panel) according to the present invention as viewed from the liquid- 
25 crystal side of one of transparent substrates disposed in opposition to each other with a liquid 
crystal interposed therebetween. 

Fig. 2 is a cross-sectional view taken along line 2-2 of Fig. 1, Fig. 3 is a cross- 
sectional view taken along line 3-3 of Fig. 1, and Fig. 4 is a cross-sectional view take along 
line 4-4 of Fig. 1. 

30 Referring first to Fig. 1, gate signal lines GL are disposed to be extended in 

the x-direction of Fig. 1 and to be juxtaposed in the y-direction of Fig. 1, and the gate signal 
lines GL are formed of, for example, chromium (Cr). These gate signal lines GL form a 
rectangular area together with drain signal lines DL which will be described below, and the 
area constitutes a pixel area. 
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A counter electrode CT which generates an electric field between the counter 
electrode CT and pixel electrodes PX which will be described below are formed in this pixel 
area. This counter electrode CT is formed in the central portion of the pixel area except the 
periphery thereof, and is made of, for example, ITOl (Indium-Tin-Oxide) which forms a 
5 transparent conductive layer. 

As will be described later in detail, the plural pixel electrodes PX are formed 
in juxtaposition, and the counter electrode CT is formed in such a manner as to be superposed 
on the plural pixel electrodes PX with an insulating film GI interposed therebetween. Holes 
CTH are respectively formed in the portions of the counter electrode CT that are superposed 

10 on every other one of the pixel electrodes PX. As used herein, the term "superpose" refers a 
structural relationship between two materials, where one material is overlapping or vertically 
aligned to another material in part or in whole without regards as to which material is 
provided on top. For example, the counter electrode CT, which has been described above as 
being "superposed" to the pixel electrodes, may be provided above the pixel electrodes or 

15 beneath the pixel electrodes, according to the definition provided herein. Similarly, the term 
"overlap" merely refers to describe a situation where one material is provided over another 
material without making any limitation as to which material is provided on top. 

A counter voltage signal line CL is formed to be connected to the counter 
electrode CT in such a manner as to border the entire periphery thereof. This counter voltage 

20 signal line CL is formed integrally with counter voltage signal lines CL which are similarly 
formed at the respective counter electrodes CT in the right and left pixel areas as viewed in 
Fig. 1 (i.e., the corresponding one of the pixel areas arrayed along the gate signal lines GL). 

In this case, the counter voltage signal lines CL are connected to one another 
at each of locations above and below the pixel areas. This construction is intended to 

25 minimize the portion of superposition of each of the counter voltage signal lines CL and the 
adjacent one of the drain signal lines DL which will be described later, thereby reducing the 
capacitance generated therebetween. 

Each of these counter voltage signal lines CL is formed of an opaque material 
made of, for example, chromium (Cr). In this case, even if an electric field which acts as 

30 noise is generated between any of the drain signal lines DL which will be described later and 
the periphery of the adjacent one of the counter electrodes CT and the optical transmissivity 
of the liquid crystal is not obtained as desired, that portion is shielded by the counter voltage 
signal line CL, whereby it is possible to solve a problem in terms of display quality. 



5 



This also means that it is possible to solve a problem due to an electric field 
(noise) which is generated between any of the gate signal lines GL and the periphery of the 
adjacent one of the counter electrodes CT. 

In addition, as described above, since the material of the counter voltage signal 
5 lines CL is identical to that of the gate signal lines GL, the counter voltage signal lines CL 
and the gate signal lines GL can be formed in the same process, whereby it is possible to 
avoid an increase in the number of manufacturing steps. 

It goes without saying that the material of the counter voltage signal lines CL 
is not limited to Cr and the counter voltage signal lines CL may be formed of, for example, 
10 Al or a material which contains AL 

In this case, it is effective to position the counter voltage signal lines CL as a 
layer which overlies the counter electrodes CT. This is because Al is easily melted by an 
etching solution (for example, HBr) for selectively etching an ITO film which constitutes the 
counter electrodes CT. 

1 5 Furthermore, it is effective to interpose a high melting point metal such as Ti, 

Cr, Mo, Ta or W at least the interface between each of the counter voltage signal lines CL 
and the adjacent one of the counter electrodes CT.. This is because ITO which constitutes the 
counter electrodes CT oxidizes Al of the counter voltage signal lines CL and generates a 
high-resistance layer. 

20 For this reason, as one example, if the counter voltage signal lines CL made of 

Al or a material which contains Al are to be formed, it is preferable to form each of the 
counter voltage signal lines CL as a multilayered structure having a first layer made of the 
high melting point metal. 

In this manner, the counter electrodes CT, the counter voltage signal lines CL 

25 and the gate signal lines GL are formed over the transparent substrate, and the insulating film 
GI made of, for example, SiN is formed over the transparent substrate in such a manner as to 
cover all of the counter electrodes CT, the counter voltage signal lines CL and the gate signal 
lines GL. 

The insulating film GI has the function of an interlayer insulating film for 
30 insulating the drain signal lines DL from the counter voltage signal lines CL and the gate 

signal lines GL. The insulating film GI also has the function of a gate insulating film in each 
area in which a thin film transistor TFT which will be described below is formed, as well as 
the function of a dielectric film in each area in which a capacitance element Cstg which will 
be described below is formed. 
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The thin film transistor TFT is formed to be superposed on a portion of the 
gate signal line GL (the bottom left portion of Fig. 1), and in this portion, a semiconductor 
layer AS made of, for example, amorphous silicon (a-Si) is formed on the insulating film GL 
A source electrode SD1 and a drain electrode SD2 are formed on the upper 
5 surface of the semiconductor layer AS, whereby an inverted staggered structure MIS 

transistor is formed which uses a portion of the gate signal line GL as its gate electrode. The 
source electrode SD1 and the drain electrode SD2 are formed at the same time as the drain 
signal line DL. 

Specifically, the drain signal lines DL which are disposed to be extended in 
10 the y-direction of Fig. 1 and to be juxtaposed in the x-direction of Fig. 1 are formed, and a 
portion of an adjacent one of the drain signal lines DL is extended to the surface of the 
semiconductor layer AS and constitutes the drain electrode SD2 of the thin film transistor 
TFT. 

During the formation of the adjacent drain signal line DL, the source electrode 
15 SD1 is formed, and this source electrode SD1 is extended to the inside of the pixel area, 

thereby integrally forming a contact portion which provides connection between the thin film 
transistor TFT and the pixel electrode PX which will be described below. 

As shown in Fig. 3, a contact layer dO which is doped with, for example, an n 
type impurity is formed at the interface between the source electrode SD1 and the drain 
20 electrode SD2 of the semiconductor layer AS. 

This contact layer dO is formed by forming an n type impurity-doped layer 
over the entire surface of the semiconductor layer AS, and, after forming the source electrode 
SD1 and the drain electrode SD2, etching the n type impurity-doped layer on the portion of 
the surface of the semiconductor layer AS that is exposed between these electrodes SD1 and 
25 SD2, by using each of these electrodes SD1 and SD2 as a mask. 

In Embodiment 1, the semiconductor layer AS is formed not only in the area 
in which the thin film transistor TFT is formed, but also at the intersection of the drain signal 
line DL and the gate signal line GL and at the intersection of the drain signal line DL and the 
counter voltage signal line CL. This construction is intended to strengthen the function of the 
30 interlayer insulating film. 

A protective film PS V covers the thin film transistor TFT formed over the 
surface of a transparent substrate SUB1 on which the thin film transistor TFT is formed. The 
protective film is generally made of a dielectric material, for example, SiN. The protect film 
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prevents the thin film transistor TFT from coming into direct contact with the liquid crystal 
LC. 

Furthermore, the pixel electrode PX which is made of a transparent conductive 
film are formed over the upper surface of the protective film PSV . The pixel electrode PX is 
5 generally made of a conductive material, for example, Indium-Tin-Oxide (IT02). 

In Embodiment 1 , five pixel electrodes PX are formed to be superposed on an 
area in which the counter electrode CT is formed, and are also formed to be extended in the y 
direction of Fig. 1 and to be equidistantly spaced apart from one another. Both ends of each 
of the five pixel electrodes PX are connected to the respective ends of the adjacent one by 
1 0 layers made of the same material which is formed to be extended in the x direction of Fig. 1 . 

In this construction, three pixel electrodes PX which are respectively disposed 
at the first, third and fifth positions as viewed from the left side of Fig. 1 are positioned in the 
respective holes CTH formed in the counter electrode CT. 

Specifically, within a substantial pixel area, i.e., within the aperture of a black 
15 matrix, each of the first, third and fifth pixel electrodes PX is formed without being 
superposed on the counter electrode CT, and the other pixel electrodes PX which are 
respectively disposed at the second and fourth positions as viewed from the left side of Fig. 1 
are formed to be superposed on the counter electrode CT, 

In the case where the pixel electrodes PX are formed in this manner, since the 
20 area of superposition of the pixel electrodes PX and the counter electrodes CT can be 

decreased, the capacitance between the pixel electrodes PX and the counter electrodes CT can 
be decreased, whereby it is possible to decrease the occurrence of so-called horizontal smear. 

In this construction, the holes CTH are formed in the counter electrode CT in 
such a manner as to correspond to every other one of the pixel electrodes PX. This 
25 construction is intended to facilitate the working of the holes CTH by increasing the spaces 
between the adjacent holes CTH. 

In Embodiment 1, the number of pixel electrodes PX per pixel area is five, but 
there actually are cases in which dozens of pixel electrodes are formed per pixel area. In 
such a case, the holes CTH may be formed at positions which correspond to not only every 
30 other one of the pixel electrodes PX but also every third one, every fourth one and so on, 
whereby it is possible to achieve far easier working of the holes CTH. 

Fig. 8 is a view which shows such a construction and corresponds to Fig. 2. In 
the construction shown in Fig. 8, the holes CTH are formed in the counter electrode CT 
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which underlies the juxtaposed multiple pixel electrodes PX, at positions which correspond to 
every fourth one of the pixel electrodes PX. 

In addition, in this embodiment, the central axis of every fourth one of the 
pixel electrodes PX agrees with that of the corresponding one of the holes CTH formed in the 
5 counter electrode CT, and each of the holes CTH is formed to have a width larger than the 
corresponding one of the pixel electrodes PX. 

Fig. 5 is a cross-sectional view (which corresponds to the cross-sectional view 
of Fig. 2) showing the positional relationship between the pixel electrodes PX and the holes 
CTH formed in the counter electrode CT. 

10 As can be seen from Fig. 5, each of the counter electrodes CT which are 

separated by the formation of the holes CTH (but are connected for electrical connection at 
their opposite peripheral ends) is formed to be superposed on pixel electrodes PX(2) adjacent 
to a pixel electrode PX(1) which is one of the pixel electrodes PX, and to be extended to the 
area between each of the pixel electrodes PX(2) and the pixel electrode PX(1) as viewed in 

1 5 the direction of juxtaposition of the pixel electrodes PX. Thus, each of the counter electrodes 
CT is formed to have an area superposed on the pixel electrode PX(1) and widths W. 

The widths W are mainly determined from the point of view of decreasing an 
electric field other than an electric field which contributes to the control of the optical 
transmissivity of the liquid crystal between the pixel electrode PX and the counter electrode 

20 CT, that is to say, an electric field which has a component perpendicular to the substrate 

between the counter electrode CT and the pixel electrode PX. Accordingly, it is appropriate 
to make each of the widths W smaller than the separation distance between the pixel 
electrode PX(1) and each of the pixel electrodes PX(2) adjacent to the pixel electrode PX(1). 

The widths W are preferably as wide as possible, but slightly smaller than the 

25 respective separation distances. 

In other words, the peripheral outline portion of the counter electrode CT has 
only to lie at the intermediate position between the pixel electrode PX(1) and each of the 
pixel electrodes PX(2) adjacent to the pixel electrode PX(1), and the counter electrode CT 
has to be wider than the pixel electrode PX(1), preferably slightly wider. 

30 The reason for this is that the existence of the widths W makes it possible to 

strengthen an electric field having a component approximately parallel to the transparent 
substrate in each pixel area and to decrease an electric field which occurs in a direction 
perpendicular to the substrate and adversely affects the phenomenon of image retention. In 
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addition, as the widths W are made larger, the absorption loss of light due to transparent 
electrodes becomes smaller and higher optical transmissivity can be obtained. 

The bottom-end same-material layer of each of the pixel electrodes PX which 
are formed in this manner is connected to a contact portion of the source electrode SD1 of the 
5 thin film transistor TFT through a contact hole formed in the protective film PS V. The top- 
end same-material layer is formed to be superposed on the counter voltage signal line CL. 

In the case of this construction, a capacitance element Cstg which uses as a 
dielectric film a stacked film made of the insulating film GI and the protective film PS V is 
formed in the portion of superposition of the counter electrode CT and each of the pixel 
10 electrodes PX. 

This capacitance element Cstg is formed for purposes such as storing a video 
signal in the pixel electrode PX for a comparatively long period even if the thin film 
transistor TFT is turned off after the video signal from the drain signal line DL is applied to 
the pixel electrode PX via the thin film transistor TFT. 
15 An alignment film ORI1 which covers the pixel electrodes PX is formed over 

the surface of the transparent substrate SUB1 over which the pixel electrodes PX are formed 
in the above-described manner. This alignment film ORI1 is a film which is in direct contact 
with the liquid crystal LC and determines the initial alignment direction of the liquid crystal 
LC. 

20 Incidentally, in Embodiment 1, the initial alignment direction is made 75° with 

respect to the direction of application of an electric field. The initial alignment direction is 
not limited to 75°, and may be greater than 0° and less than 90°, preferably 10° to 80° so that 
high-speed responses (drivable at low voltages) can be achieved. 

In the above-described embodiment, the gate signal lines GL, the counter 

25 voltage signal lines CL and the drain signal lines DL are formed of chromium (Cr). 

However, it goes without saying that another high melting point metal such as Mo, W, Ti or 
Ta or an alloy of two or more kinds of such metals or a stacked film made of two or more 
kinds of such metals may also be used. 

Moreover, although in the above description the transparent conductive film is 

30 made of ITO, it goes without saying that similar advantages can be obtained even with IZO 
(Indium-Zinc-Oxide) . 

The transparent substrate constructed in this manner is called a TFT substrate, 
and a transparent substrate disposed in opposition to this TFT substrate with the liquid crystal 
LC interposed therebetween is called a filter substrate. 



«Filter Substrate» 

As shown in Fig. 2, on the liquid crystal-side surface of the filter substrate, a 
black matrix BM is formed to separate the pixel areas from one another, and a filter FIL is 
formed to cover each aperture of the black matrix BM that determines a substantial pixel 
5 area. 

An overcoat layer OC made of, for example, a resin layer is formed to cover 
the black matrix BM and the filter FIL, and an alignment layer ORI2 is formed on the 
overcoat layer OC. 

The alignment direction of the alignment layer ORI2 is selected to be the same 
10 as that of the alignment film ORI1 when the alignment film ORI1 is superposed on the 

alignment layer ORI1. That is to say, the alignment of the molecules of the liquid crystal LC 
is made homogeneous. 

«Liquid Crystal Layer» 

In Embodiment 1, a liquid crystal having a dielectric anisotropy As of, for 
15 example, -5 is used, whereby it is possible to obtain a high optical transmissivity. This is 
because the directors of the liquid crystal molecules of a liquid crystal of negative As do not 
greatly change due to an electric-field component perpendicular to a substrate surface. 

Embodiment 1 uses a liquid crystal of negative As, but even if a liquid crystal 
of positive As is used, the effects and advantages of the present invention can similarly be 
20 obtained. 

Since the liquid crystal of positive As is large in As and low in viscosity 
compared to the liquid crystal of negative As, the liquid crystal of positive As has the 
advantage of being drivable at lower voltages and at higher response speeds. 

«Entire Construction of Liquid Crystal Display Panel» 
25 Fig. 6 is a view of the entire construction of the liquid crystal display panel, 

showing a display area AR constructed of an assembly of pixel areas arranged in matrix form. 

A transparent substrate SUB2 is formed to be slightly smaller than the 
transparent substrate SUB1, and the right and bottom sides (as viewed in Fig. 6) of the 
transparent substrate SUB2 are disposed to be approximately in flush with the corresponding 
30 sides of the transparent substrate SUB 1 . 

Accordingly, areas which are not covered with the transparent substrate SUB2 
are respectively formed along the left and top sides (as viewed in Fig. 5) of the transparent 
substrate SUB1, and gate signal terminals Tg and drain signal terminals Td are formed in the 
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respect areas. The gate signal terminals Tg are formed for supplying scanning signals to the 
respective gate signal lines GL, while the drain signal terminals Td are formed for supplying 
video signals to the respective drain signal lines DL. 

The transparent substrate SUB2 is secured to the transparent substrate SUB1 
5 by a sealing material SL formed along the periphery of the transparent substrate SUB2, and 
this sealing material SL also has the function of a sealing material for sealing the liquid 
crystal LC between the transparent substrates SUB1 and SUB2. 

A liquid crystal filling port INJ is disposed in a portion of the sealing material 
SL, and after the gap between the transparent substrates SUB1 and SUB2 has been filled with 
10 the liquid crystal LC through the liquid crystal filling port INJ, the liquid crystal filling port 
INJ is sealed by a liquid crystal sealing material (not shown). 

Polarizers are respectively stuck to the outside surfaces of the transparent 
substrates SUB1 and SUB2 in such a manner that the transparent substrates SUB1 and SUB2 
are interposed between the polarizers. 
1 5 «Equivalent Circuit» 

Fig. 7 is a view showing the equivalent circuit of the liquid crystal panel as 
well as the external circuits of the liquid crystal panel. 

Scanning signals (voltage signals) are sequentially supplied to the individual 
gate signal lines GL disposed to be extended in the x-direction of Fig. 7 and to be juxtaposed 
20 in the y-direction of Fig. 7, by a vertical scanning circuit V. 

The thin film transistors TFT in the respective pixel areas arranged along the 
one of the gate signal lines GL to which a scanning signal is supplied are turned on by the 
scanning signal. 

At this timing, video signals are supplied to the individual drain signal lines 
25 DL from a video signal driver circuit H, and these video signals are applied to the respective 
pixel electrodes PX via the thin film transistors of the corresponding pixel areas. 

In the respective pixel areas, counter voltages are applied to the counter 
electrodes CT formed together with the pixel electrodes PX via the counter voltage signal 
lines CL, so that electric fields can be generated between the pixel electrodes and the counter 
30 electrodes CT. 

The optical transmissivity of the liquid crystal LC is controlled by the ones 
(in-plane electric fields) of these electric fields each of which has a component parallel to the 
transparent substrate SUB1. 
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Incidentally, in Fig. 7, the symbols R, G and B shown in the individual pixel 
areas represent that a red filter, a green filter and a blue filter are formed in the respective 
pixel areas. 

«Other Embodiments» 
5 In the above-described embodiment, the counter electrodes CT are formed 

below the pixel electrodes PX with the insulating film GI interposed therebetween. However, 
the present invention is not limited to this construction, and it goes without saying that the 
pixel electrodes PX are formed below the counter electrodes CT with the insulating film GI 
interposed therebetween. 

10 In the above-described embodiment, the pixel electrodes PX formed in 

juxtaposition are formed as rectilinear strip-shaped electrodes in the respective pixel areas. 

However, the present invention is not limited to this construction, and it goes 
without saying that each of the pixel electrodes PX may be an element having one or more 
bent portions in the direction of extension of the pixel electrode PX. 

15 Such an electrode is called a multi domain scheme in which the direction of an 

electric field generated between the electrode and the counter electrode CT is made different 
to provide the advantage of canceling a difference in the optical transmissivity of a liquid 
crystal when a display area is viewed in any direction different from the direction normal to 
its front surface. 

20 Even in this case, the holes CTH can be formed in the counter electrode CT at 

locations corresponding to the bent extended portion of the pixel electrode PX. 

Fig. 9 is a plan view which corresponds to Fig. 1, showing an example to 
which the multi domain scheme is applied. 

Each of the pixel electrodes PX has, for example, a zigzag pattern along its 
25 extension direction, and the holes CTH each having a zigzag shape along the zigzag pattern 
are respectively formed in the counter electrodes CT which are superposed on some of the 
pixel electrodes PX (for example, every other one of the pixel electrodes PX). 

The extension direction of the pixel electrodes PX is along the y-direction of 
Fig. 9, but the present invention is not limited to this construction and can, of course, be 
30 applied to a construction in which the extension direction of the pixel electrodes PX is along 
the x-direction of Fig. 9. 

In the above-described embodiment, an electrode which is formed over nearly 
the whole of the central portion of the pixel area except the periphery thereof serves as the 
counter electrode CT, while plural strip-shaped electrodes which are juxtaposed in one 
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direction serve as the pixel electrodes PX. However, an electrode which is formed over the 
central portion of the pixel area except the periphery thereof may be used as the pixel 
electrode PX, while plural strip-shaped electrodes which are juxtaposed in one direction may 
be used as the counter electrode CT. 
5 As is apparent from the foregoing description, in accordance with the liquid 

crystal display device according to the present invention, it is possible to prevent the 
occurrence of horizontal smear and image retention. 



14 



